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(54) Apparatus for deposition of thin films on wafers 



(57) The present invention provides an apparatus 
for deposition of thin films on a plurality of wafers within 
a reaction chamber. The apparatus has a reaction 
chamber capable of processing a plurality of wafers 
through an atomic layer epitaxy process at the same 
time. The apparatus also has a susceptor provided 
within the reaction chamber to hold the wafers thereon 
in a way such that reaction surfaces of the wafers are 
exposed to the interior of the reaction chamber. A gas 
supply unit supplies reaction gases to the reaction sur- 
faces of the wafers within the reaction chamber. A sus- 
ceptor drive unit rotates the susceptor at a 
predetermined rotation angle and moves the susceptor 
between a reacted position and an unreacted position. 
A vacuum pumping unit maintains pressure of the reac- 
tion gases within the reaction chamber at a predeter- 
mined pressure. A heating unit heats at least one of the 
reaction surfaces of the wafers and the reaction cham- 
ber at a constant temperature, thus allowing at least one 
of the reaction surfaces of the wafers and the reaction 
chamber to accomplish a predetermined temperature 
condition. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a thin film 
deposition apparatus used in a process of producing 
semiconductor devices and, more particularly, to an 
apparatus for deposition of thin films on a plurality of 
wafers within a reaction chamber, the apparatus being 
added with a plurality of units, such as a gas supply unit, 
a wafer heating unit and a gas discharging unit, thus 
improving productivity while producing semiconductor 
devices. 

Description of the Prior Art 

[0002] As well known to those skilled in the art, a 
conventional process of producing semiconductor 
devices comprises a wafer formation step, an epitaxy 
step, a thin film deposition step, a diffusion/ion-implan- 
tation step, a photolithography step and an etching step. 
That is, in order to produce desired semiconductor 
devices, a wafer is primarily formed from a polycrystal- 
line silicon ingot made of a siliceous material, such as 
sand. A single crystalline film is formed on the wafer 
through an epytaxy step. Thereafter, a variety of thin 
films are formed on the wafer in accordance with 
desired use of resulting semiconductor devices prior to 
performing a diffusion/ion-implantation step. After the 
diffusion/ion-implantation step, the wafer is cut into a 
plurality of semiconductor chips. The chips are, thereaf- 
ter, packaged by a plastic packaging material, thus 
forming desired semiconductor devices. 
[0003] In the process of producing semiconductor 
devices, at least one film is formed on the wafer at every 
step. Such films, formed on the wafer during the proc- 
ess of producing semiconductor devices, are generally 
classified into four films: an oxide film (S'i0 2 ) typically 
used as a gate oxide film or a field oxide film, a nitride 
film (Si 3 N 4 ) typically used as an insulation film between 
conductive layers, a mask during a diffusion/ion-implan- 
tation step or a device protection film, a polycrystalline 
silicon layer typically used as a gate electrode in place 
of a metal film, and a metal film used as a conductive 
film connecting the devices together or connected to 
external terminals. Of course, it should be understood 
that the above-mentioned classification of the films into 
four types is not intended to limit the classification of 
such films. 

[0004] In the prior art, a CVD (chemical vapor dep- 
osition) process has been preferably used for forming 
an oxide film and a nitride film on a wafer. In such a CVD 
process, a plurality of wafers are positioned within a 
reaction chamber and a reaction gases are applied to 
the reaction surfaces of the wafers. The gases are thus 
vapor-deposited on the reaction surfaces of the wafers 



and form desired thin films on the reaction surfaces of 
the wafers. Such a CVD process is preferably used for 
accomplishing a deposition of thin films on wafers. Con- 
ventional CVD processes are classified into several 

5 types: an atmospheric CVD process, a reduced pres- 
sure CVD process, a plasma CVD process and an 
energy step-up CVD process. Regardless of the types 
of CVD processes, it is necessary to control the CVD 
processes so as to form a film having less impurities 
w and a constant thickness on a target wafer. 

[0005] A desired polycrystalline silicon film is 
formed on a wafer by thermally decomposing silane 
(SiH 4 ) and vapor-depositing Si on the wafer within a 
reaction chamber. On the other hand, a desired metal 

15 film is formed on a wafer through a sputtering process 
or a CVD process. When such a CVD process is used 
for vapor deposition of such a metal film on a wafer, it is 
possible to accomplish high quality step coverage and a 
constant thickness of the resulting metal film and to 

20 form desired metal films on the reaction surfaces of a 
plurality of wafers at the same time. 
[0006] The thin film deposition process is a very 
important process. In addition, the thin film deposition 
process is not performed only once during a process of 

25 producing semiconductor devices, but is repeatedly and 
necessarily performed at every step. Therefore, the thin 
film deposition technique has been actively studied to 
accomplish desired high quality film characteristics. As 
a result of such an active study, an apparatus, designed 

30 to deposit desired thin films on target wafers by position- 
ing the wafers within a vacuum reaction chamber and by 
applying reaction gases to the reaction surfaces of the 
wafers within the reaction chamber, is proposed and 
preferably used. 

35 [0007] An atomic layer epitaxy process undesirably 
reduces the processing speed during a process of pro- 
ducing semiconductor devices, thus being less likely to 
be used in the semiconductor device production proc- 
ess in the prior art. However, since the atomic layer epi- 

40 taxy process can effectively accomplish a low impurity 
concentration and form high quality thin films on wafers, 
it has been actively studied to be preferably used in the 
semiconductor device production process. For example, 
a conventional thin film deposition apparatus used in 

45 such an atomic layer epitaxy process is shown in Rg. 1 . 
As shown in the drawing, the thin film deposition appa- 
ratus comprises a gas supply unit 1 and a susceptor 3. 
The susceptor 3 is positioned within a vacuum chamber 
4 and holds a plurality of wafers 2 thereon. The above 

so apparatus performs a desired atomic layer epitaxy proc- 
ess for the wafers 2 using reaction gases supplied from 
the gas supply unit 1. However, the above apparatus is 
problematic in that it performs the desired atomic layer 
epitaxy process for only one wafer at a time, and so it is 

55 necessary to feed and return the wafers one by one. 
[0008] This finally reduces the processing speed of 
the deposition process and reduces the number of 
wafers deposited with thin films within unit time, and 
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reduces productivity of wafers. 
SUMMARY OF THE INVENTION 

[0009] Accordingly, the present invention has been 
made keeping in mind the above problems occurring in 
the prior art, and an object of the present invention is to 
provide an apparatus for deposition of thin films on a 
plurality of wafers within a reaction chamber, of which 
the reaction chamber is capable of processing a plural- 
ity of wafers through an atomic layer epitaxy process at 
the same time, and which has a means for supplying 
reaction gases into the reaction chamber, a means for 
rotating and moving the wafers within the reaction 
chamber, and a means for keeping a desired constant 
temperature of the wafers within the reaction chamber 
during a thin film vapor deposition process. 
[0010] Another object of the present invention is to 
provide an apparatus for effective deposition of thin 
films on a plurality of wafers within a reaction chamber, 
which is designed to increase the production yield of 
semiconductor wafers and to form high quality thin films 
on the wafers while producing desired wafers through 
an atomic layer epitaxy process, and which automati- 
cally performs a desired vapor deposition process of 
forming thin films on a plurality of wafers, and has a 
means for uniformly ejecting gases into the reaction 
chamber, thus lengthening the expected life span of the 
reaction chamber, and which is designed to alternately 
feed reaction gases into the reaction chamber, thus 
appropriately controlling the quality of thin films formed 
on the wafers as desired, and which is provided with a 
purging function at its gas supply unit and independ- 
ently controls the temperature of a wafer heating unit at 
two parts, and which is provided with heaters at the 
upper and side portions within the reaction chamber, 
thjs optimally controlling the reaction atmosphere 
within the reaction chamber. 

[001 1 ] in order to accomplish the above objects, the 
present invention provides an apparatus for deposition 
of thin films on a plurality of wafers within a sealed reac- 
tion chamber, comprising: a susceptor provided within 
the reaction chamber to hold the wafers thereon in a 
way such that reaction surfaces of the wafers are 
exposed to the interior of the reaction chamber; a gas 
supply unit adapted for supplying reaction gases to the 
reaction surfaces of the wafers within the reaction 
chamber; a susceptor drive unit adapted for rotating the 
susceptor at a predetermined rotation angle and mov- 
ing the susceptor between a reacted position and an 
unreacted position; a vacuum pumping unit adapted for 
maintaining pressure of the reaction gases within the 
reaction chamber at a predetermined pressure; and a 
heating unit adapted for heating at least one of the reac- 
tion surfaces of the wafers and the reaction chamber at 
a constant temperature, thus allowing at least one of the 
reaction surfaces of the wafers and the reaction cham- 
ber to accomplish a predetermined temperature condi- 



tion. 

[0012] In the above apparatus, the susceptor com- 
prises: a plurality of wafer stations used for individually 
holding one wafer thereon; and a wafer seating unit pro- 
5 vided in each of the wafer stations and moving upwardly 
and downwardly in a vertical direction relative to the 
susceptor so as to seat a wafer in an associated wafer 
station of the susceptor. 

[001 3] Each of the wafer stations of the susceptor is 

w provided with an annular step along its circular edge, 
thus stably seating an edge of a wafer while preventing 
an undesirable movement of the wafer in each wafer 
station, with a height of a vertical surface portion of the 
annular step being determined to allow the reaction sur- 

15 face of the wafer to be not positioned lower than a sur- 
face of a land of the susceptor when the wafer is seated 
in a wafer station. The annular step has a diameter of 
smaller than that of each wafer by several millimeters, tn 
addition, the number of the wafer stations of the suscep- 

20 tor is two or more. 

[0014] The wafer seating unit comprises: a lift plate 
having a flat upper surface; a plurality of moving pins 
assembled with the lift plate and regularly spaced apart 
from each other at predetermined angular intervals, the 

25 moving pins commonly coming into contact with one 
wafer; and a lift plate drive unit mounted to the lift plate 
so as to move the lift plate in a vertical direction. 
[0015] The gas supply unit comprises: a gas ejec- 
tion unit provided at an upper portion within the reaction 

30 chamber for ejecting the reaction gases onto the wafers 
within the reaction chamber; and a gas feeding unit 
used for feeding the reaction gases to the gas ejection 
unit. 

[0016] In addition, the gas feeding unit comprises: a 

35 first gas feeding pipeline consisting of: a first container 
receiving a first liquid reaction gas source; a first gas 
inlet pipe introducing inert gas into the first container; a 
first gas outlet pipe discharging reaction gas formed by 
an evaporation of the first liquid reaction gas source 

40 reacted with the inert gas introduced into the first con- 
tainer; and a first branch pipe branched from the first 
gas inlet pipe and joining the first gas outlet pipe; and a 
second gas feeding pipeline consisting of: a second 
container receiving a second liquid reaction gas source; 

45 a second gas inlet pipe introducing inert gas into the 
second container; a second gas outlet pipe discharging 
reaction gas formed by an evaporation of the second liq- 
uid reaction gas source reacted with the inert gas intro- 
duced into the second container; and a second branch 

so pipe branched from the second gas inlet pipe and join- 
ing the second gas outlet pipe. 
[0017] Each of the first and second gas outlet pipes 
is branched into a pipe extending to the reaction cham- 
ber and another pipe extending to a pump, with a pipe 

55 heating part being provided in each of the first and sec- 
ond gas outlet pipes for preheating the pipe, extending 
to the reaction chamber, to a predetermined tempera- 
ture. A plurality of check valves and pneumatic valves 
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are mounted on the first and second pipelines at posi- 
tions between the first gas inlet pipe and the first con- 
tainer, between the first gas outlet pipe and the reaction 
chamber, between the second gas inlet pipe and the 
second container, and between the second gas outlet 5 
pipe and the reaction chamber, with a gas pressure con- 
trolling orifice being mounted at a position between 
each of the first and second gas outlet pipes and an 
associated pump. 

[0018] A carrier pipe extends from an integrated 10 
inlet of the first and second gas inlet pipes to an inte- 
grated outlet of the first and second gas outlet pipes so 
as to directly feed the reaction gases into the reaction 
chamber. The above gas supply unit is controlled to 
allow the reaction gases of the first and second gas out- 15 
let pipes to be alternately ejected into the reaction 
chamber. When any one of the first and second gas out- 
let pipes does not allow a flow of reaction gas through it, 
inert gas flows in an associated one of the first and sec- 
ond branch pipes, thus purging the interior of an associ- 20 
ated one of the first and second gas outlet pipes 
extending to the reaction chamber. 
[0019] A plurality of gas feeding pipes extend from 
the gas feeding unit to the gas ejection unit and feed dif- 
ferent gases from the gas feeding unit to the gas ejec- 25 
tion unit. 

[0020] The heating unit comprises: a wafer heating 
unit positioned at a position under the susceptor within 
the reaction chamber and heating the wafers held on 
the susceptor at a predetermined constant temperature; 30 
and a reaction chamber heating unit positioned at a 
peripheral position within the reaction chamber and 
heating the interior of the reaction chamber at a prede- 
termined constant temperature. 

[0021] In such a case, the wafer heating unit com- 35 
prises a plurality of halogen lamp heaters concentrically 
installed on a surface of the susceptor, the halogen 
lamp heaters being controlled independently. An inert 
gas ejection unit is installed at a position around the hal- 
ogen lamp heaters to eject inert gas to the halogen 40 
lamp heaters, thus preventing an undesirable surface 
contamination of the halogen lamp heaters. 
[0022] The reaction chamber heating unit com- 
prises at least one cartridge-type heater installed at any 
one of the upper and side portions within the reaction 4s 
chamber to heat the interior of the reaction chamber. 
[0023] The apparatus of this invention further com- 
prises: a shield installed within the reaction chamber 
while being spaced apart from a ceiling surface of the 
reaction chamber, with a gap being formed between the so 
shield and the ceiling surface; and an inert gas ejection 
nozzle provided in the gap between the shield and the 
ceiling surface and used for ejecting inert gas into the 
gap so as to prevent an undesirable corrosion of the 
ceiling surface due to a reaction of the ceiling surface 55 
with the reaction gases. 

[0024] In the above apparatus, the vacuum pump- 
ing unit comprises: a primary pumping hole primarily 
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discharging the reaction gases from the reaction cham- 
ber; a second pumping hole collecting the reaction 
gases primarily discharged from the primary pumping 
hole and secondarily discharging the reaction gases; 
and a main pumping hole collecting the secondarily dis- 
charged reaction gases and finally discharging the reac- 
tion gases to the outside of the reaction chamber using 
pumping force of a vacuum pump installed outside the 
reaction chamber. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] The above and other objects, features and 
other advantageous of the present invention will be 
more clearly understood from the following detailed 
description taken in conjunction with the accompanying 
drawings, in which: 

Fig. 1 is a view of a conventional apparatus for dep- 
osition of thin films on wafers; 
Fig. 2 is a view, showing the construction of an 
apparatus for deposition of thin films on wafers in 
accordance with the preferred embodiment of the 
present invention; 

Fig. 3a is a perspective view of a susceptor 
included in the thin film deposition apparatus of this 
invention 

Fig. 3b is a sectional view of the susceptor taken 
along line A-A of Fig. 3a; 

Ftg. 4a is a sectional view, showing the construction 
of both a reaction chamber and parts around the 
chamber of the apparatus according to the present 
invention; 

Fig. 4b is a sectional view of the portion "B' of Fig. 
4a; 

Fig. 5 is a plan view of the reaction chamber of the 
thin film deposition apparatus according to the 
present invention; 

Fig. 6 is a plan view of both the susceptor and a 
wafer-heating unit of the thin film deposition appa- 
ratus according to the present invention; 
Rg. 7a is a transverse sectional view of the reaction 
chamber, showing the construction of a pumping 
unit included in the thin film deposition apparatus 
according to the present invention; 
Fig. 7b is a longitudinal sectional view of the reac- 
tion chamber, showing the construction of the 
pumping unit of this invention; 
Rg. 8 is a circuit diagram of a gas feeding unit 
included in the thin film deposition apparatus 
according to the present invention; and 
Rgs. 9a and 9b are a bottom view and a sectional 
view of a gas ejection unit of this invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0026] Fig. 2 is a view, showing the construction of 
an apparatus for deposition of thin films on wafers 
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through an atomic layer epitaxy process in accordance 
with the preferred embodiment of this invention. As 
shown in the drawing, the apparatus of this invention 
comprises a susceptor 1 00, which is provided within a 
reaction chamber and consists of a plurality of wafer 
stations for holding a plurality of wafers, fed by a wafer 
feed unit (not shown), in a way such that the reaction 
surfaces of the wafers are exposed to the interior of the 
reaction chamber. The apparatus also has a wafer seat- 
ing unit 200, which is provided in each wafer station of 
the susceptor 1 00 and moves a wafer, fed by a robot 
arm (not shown), upwardly and downwardly in a vertical 
direction so as to seat the wafer in an associated wafer 
station of the susceptor 100. The apparatus further 
comprises a susceptor drive unit 300, a heating unit 
400, a vacuum pumping unit 600, and a gas supply unit. 
The susceptor drive unit 300 rotates the wafers of the 
susceptors 100 at a predetermined velocity and moves 
the susceptor 1 00 between a reacted position and an 
unreacted position relative to the ceiling of the reaction 
chamber. The heating unit 400 heats the reaction sur- 
faces of the wafers and the reaction chamber at a con- 
stant temperature, thus allowing at least one of the 
reaction surfaces of the wafers and the reaction cham- 
ber to accomplish a predetermined temperature condi- 
tion of reaction gases. The vacuum pumping unit 600 
maintains the pressure of the reaction gases within the 
reaction chamber at a predetermined pressure, and 
maintains the interior of the reaction chamber at a low 
vacuum state expected from the chamber before the 
vapor deposition process. The gas supply unit, consist- 
ing of a gas feeding unit 500 and a gas ejection unit 701 , 
supplies the reaction gases to the reaction surfaces of 
the wafers within the reaction chamber. Of the gas sup- 
ply unit, the gas ejection unit 701 is installed at the 
upper portion within the reaction chamber while being 
directed downwardly and ejects reaction gases to the 
wafers held on the susceptor 1 00, while the gas feeding 
unit 500 feeds reaction gases to the gas ejection unit 
701. 

[0027] The wafer feed unit, which is not shown in 
the drawings, is positioned outside the reaction cham- 
ber and has a wafer feed robot that picks up the wafers 
outside the chamber and feeds the wafers into the reac- 
tion chamber one by one. In the preferred embodiment 
of the invention, the wafer feed unit is designed to hori- 
zontally feed the wafers into a sidewall of the reaction 
chamber. Such a wafer feed unit is well known to those 
skilled in the art and further explanation for the con- 
struction of the wafer feed unit is thus not deemed nec- 
essary. 

[0028] Fig. 2 also shows a structure for loading the 
wafers 13, fed into the reaction chamber 1 1 by the wafer 
feed unit, on the susceptor 100. When a wafer 13 is fed 
into the reaction chamber 1 1 by the robot arm of the 
wafer feed unit, the wafer seating unit 200, provided in 
the first station of the susceptor 1 00 and comprised of 
an actuation cylinder, primarily receives the wafer 13. In 



such a case, the wafer seating unit 200 comprises a lift 
plate 202, having a flat upper surface, and three moving 
pins 201 , integrated with the lift plate 202 as shown in 
Rg. 6. The three moving pins 201 are regularly spaced 
5 apart from each other at predetermined angular inter- 
vals and are positioned to commonly come into contact 
with one wafer 13. At any rate, the three moving pins 
201 of the wafer seating unit 200 move upwardly along 
with the lift plate 202 and allow the lift plate 202 to 
w receive the wafer 13 from the robot arm. When the 
wafer 1 3 is completely moved from the robot arm to the 
lift plate 202, the robot arm is removed from the vacuum 
reaction chamber to the outside of the chamber. The lift 
plate 202 is, thereafter, moved downwardly while hou- 
rs ing the wafer 13 thereon and seats the wafer 13 in the 
first station of the susceptor 1 00. After the wafer 1 3 is 
seated in the first station of the susceptor 1 00, the lift 
plate 202 is further moved downwardly to a position 
under the susceptor 100, thus allowing the susceptor 
20 1 00 to be rotatable. At the position under the susceptor 

100, the lift plate 202 can receive a new wafer 13 from 
the robot arm. In such a case, the vertical movement of 
the lift plate 202 is accomplished by a lift plate drive unit 
203, which is mounted to the lower surface of the lift 

25 plate 202 and moves the lift plate 202 in a vertical direc- 
tion. When one wafer 13 is completely seated in the first 
station of the susceptor 100, the susceptor 100 is 
rotated at an angle of 90°, thus accomplishing a second 
position for seating a next wafer 13 in a second station. 

30 When the susceptor 100 is rotated to accomplish the 
second position for seating the next wafer 1 3 in the sec- 
ond station, the above-mentioned process of seating 
the wafer 13 on the susceptor 100 is repeated. The 
above-mentioned wafer seating process is continuously 

35 repeated until four wafers 1 3 are completely held on the 
first to fourth stations of the susceptor 1 00. 
[0029] In the present invention, the susceptor 1 00 is 
preferably made of a metal or a ceramic material, such 
as SiC. In such a case, it is possible to select the mate- 

40 rial of the susceptor 100 from metal materials and 
ceramic materials in accordance with a selected mate- 
rial for the electronic device. As shown in Figs. 3a and 
3b, the susceptor 1 00 is designed to have a circular pro- 
file and to seat four wafers 13, individually having a 

45 diameter of at least six inches, on the wafer stations 

101. That is, the circular susceptor 100 has four wafer 
stations 101, each of which is provided with an annular 
step along its circular edge, thus stably seating the edge 
of a wafer 13 and preventing an undesirable movement 

so of the wafer 1 3 in the station 101. The step of each sta- 
tion 101 is best seen in Fig. 3b. In order to align the 
position of each wafer station 1 01 with the lift plate 202, 
the susceptor 100 is precisely rotated by the susceptor 
drive unit 300, consisting of a drive motor. 

55 [0030] The above susceptor drive unit 300 may 
index-rotate the susceptor 100 at a regular interval so 
as to seat the wafers 1 3 in the designated wafer stations 
1 01 of the susceptor 1 00 or simply rotate the susceptor 
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100, or move the wafers 13 upwardly to the upper por- 
tion within the reaction chamber as desired during an 
operation of the apparatus. 

[0031] As shown in Fig. 3b, each of the wafer sta- 
tions 101 is provided with an annular step along its cir- 
cular edge. In such a case, the annular step of each 
station 101 has a diameter, which is smaller than that of 
each wafer by 3 mm to 5 mm, and so the edge of the 
wafer 1 3 is stopped by the vertical surface portion of the 
annular step and is stably seated on the horizontal sur- 
face portion of the step. It is thus possible to precisely 
install each wafer 1 3 on a designated station of the sus- 
ceptor 1 00. The height of the vertical surface portion of 
the annular step is determined to be equal to the thick- 
ness of each wafer 13, and so the reaction surface of 
the wafer 13 is not positioned lower than the surface of 
the land of the susceptor 100 when the wafer 13 is 
appropriately seated in a designated station 101. 
Therefore, it is possible to allow the reaction gases to 
smoothly flow on the reaction surfaces of the wafers 
seated in the stations 1 01 of the susceptor 1 00 and uni- 
formly form a desired thin film on the reaction surface of 
each wafer 13 during a vapor deposition process of the 
apparatus. 

[0032] When the wafers 13 are completely seated 
in the stations of the susceptor 1 00, the susceptor drive 
unit 300 moves the susceptor 1 00 upwardly, thus allow- 
ing the wafers 13 to be positioned close to the reaction 
gases ejected from the gas ejection unit 701. Such a 
movement of the susceptor 100 performed by the sus- 
ceotor drive unit 300 is schematically shown in Fig. 3b. 
In Fig. 3b, the reference numeral 14 denotes the ceiling 
of the reaction chamber. The susceptor drive unit 300 
moves the susceptor 100 upwardly until the reaction 
suiaces of the wafers 13, seated in the stations 101 of 
the susceptor 100, are positioned close to the ceiling 14 
w»m a desired gap of 2 mm ~ 5 mm being formed 
between the reaction surface of each wafer 13 and the 
cehng 14. During a vapor deposition process of the 
apparatus, the reaction gases flow within the gap while 
forming a desired thin film on the reaction surface of 
each wafer 13. Such a vapor deposition process will be 
described in more detail later herein in conjunction with 
Fig 4b. 

[0033] In the apparatus of this invention, the gap, 
formed between the reaction surface of each wafer 13 
and the ceiling 14, is controllable by a vertical move- 
ment of the susceptor drive unit 300. As described 
above, the susceptor drive unit 300 is designed to be 
rotatable in addition to being movable in a vertical direc- 
tion. 

[0034] Fig. 4a is a sectional view, showing the con- 
struction of the reaction chamber 700 of this invention. 
Fig. 4b is a sectional view of the portion "B" of Fig. 4a. 
As shown in the drawings, the reaction chamber 700 
comprises the susceptor 100 for seating a plurality of 
wafers thereon and the gas ejection unit 701 for ejecting 
the reaction gases into the reaction chamber 700. The 



reaction chamber 700 also has a wafer heating unit 702 
and a reaction chamber heating unit 705. The wafer 
heating unit 702 is positioned at the lower portion within 
the chamber 700 and heats the wafers 13 held on the 

5 susceptor 100 at a predetermined constant tempera- 
ture. The reaction chamber heating unit 705 is posi- 
tioned at the peripheral portion within the chamber 700 
and heats the interior of the chamber 700 at a predeter- 
mined constant temperature. The reaction chamber 700 

w also has the susceptor drive unit 300, which seats the 
wafers on the susceptor 1 00 and rotates the susceptor 
1 00 in addition to moving the susceptor 1 00 in a vertical 
direction. In the present invention, a halogen lamp 
heater is preferably used as the wafer heating unit 702. 

15 An inert gas ejection unit 703 is installed at a position 
around the wafer heating unit 702 to prevent an undesir- 
able contamination of the halogen lamp of the wafer 
heating unit 702 due to the reaction gases. A plurality of 
pumping holes 601 are formed at the peripheral portion 

20 of the reaction chamber 700 to discharge post-process 
reaction gases from the interior of the chamber 700. 
[0035] The reaction chamber heating unit 705 com- 
prises a first chamber heater 705a and a second cham- 
ber heater 705b. The first chamber heater 705a is used 

25 for heating the sidewall of the reaction chamber 700 at 
a desired constant temperature, while the second 
chamber heater 705b is used for heating the upper por- 
tion of the reaction chamber 700 at a desired constant 
temperature. The reaction chamber heating unit 705, 

30 used for heating the reaction chamber 700 to a temper- 
ature of 300° in accordance with use of the reaction 
gases, is formed by an installation of cartridge-type 
heaters at the upper and lower portions within the reac- 
tion chamber 700. As shown in Fig. 5, the second cham- 

35 ber heater 705b is radially positioned in order to 
uniformly heat the reaction chamber. The above reac- 
tion chamber 700 is preferably made of aluminum hav- 
ing a high conductivity or stainless steel resisting the 
corrosive gases. 

40 [0036] The halogen lamp heater 702 is used for 
heating the wafers 13 to accomplish a desired process- 
ing condition. The construction and operation of the hal- 
ogen lamp heater 702 will be described in more detail 
later herein with reference to Fig. 6. A dish-shaped 

45 reflection plate 707 is installed at a position under the 
halogen lamp heater 702 to improve the heat transfer- 
ring efficiency. As shown in Figs. 9a and 9b, the gas 
ejection unit 701 comprises a plurality of nozzles, which 
are installed to uniformly eject reaction gases into the 

so reaction chamber 700. 

[0037] The inert gas ejection unit 702 ejects inert 
gases in a reverse direction so as to prevent the reac- 
tion gases from flowing to a position around the halogen 
lamp heater 702, thus preventing an undesirable con- 

55 tamination of the surface of the halogen lamp heater 
702 due to the reaction gases. The above halogen lamp 
heater 702 is a heater designed to generate convection 
heat using light, and so the heater 702 is remarkably 
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reduced in its thermal efficiency when it is contaminated 
at its surface. 

[0038] The construction and operation of the pump- 
ing holes 601 will be described in more detail later 
herein in conjunction with Figs. 7a and 7b. 5 
[0039] Fig. 4b is an enlarged view of the portion "B" 
of Fig. 4a. This drawing shows a shield 706, which is 
installed while being spaced apart from the ceiling sur- 
face of the reaction chamber 700, with a gap of 0.1 mm 
- 1 mm being formed between them. The wafers 1 3 are w 
positioned under the shield 706 while being spaced 
apart from the shield 706 with a gap of 2 mm ~ 5 mm 
being formed between them. During a vapor deposition 
process of the apparatus, reaction gases flow within the 
gap between the wafers 13 and the shield 706 while 15 
forming a desired thin film on the reaction surface of 
each wafer 1 3. In such a case, the shield 706 effectively 
prevents the ceiling surface of the reaction chamber 700 
from being undesirably reacted with the reaction gases. 
[0040] However, the reaction gases may be unde- 20 
sirably introduced into the gap between the shield 706 
and the ceiling surface of the reaction chamber 700 and 
may undesirably form a thin film on the ceiling surface. 
In order to overcome such a problem, inert gases are 
introduced into the gap between the shield 706 and the 25 
ceiling surface of the reaction chamber 700, thus pre- 
venting an undesirable inflowing of the reaction gases 
into said gap. The nozzle, provided for ejecting the 
insert gases into the gap between the shield 706 and 
the ceiling surface of the reaction chamber 700, is des- 30 
ignated by the reference numeral 708 in Fig. 5. As 
shown in the drawing, the reaction chamber 700 is pro- 
vided with the inert gas supply pipe 708 in addition to 
two reaction gas supply pipes 709a and 709b used for 
supplying two different reaction gases into the reaction 35 
chamber 700. When insert gases are ejected into the 
gap between the shield 706 and the ceiling surface of 
the reaction chamber 700 from an inert gas ejection 
nozzle 708, it is possible to prevent the reaction gases 
from being undesirably introduced into the gap between 40 
the shield 706 and the ceiling surface of the reaction 
chamber 700 or from undesirably forming a thin film on 
the ceiling surface. 

[0041] Fig. 5 also shows the second chamber 
heater 705b, which is installed at the upper portion 45 
within the reaction chamber 700 and heats the upper 
portion of the reaction chamber 700 at a desired con- 
stant temperature. This second chamber heater 705b is 
a cartridge-type heater, which is radially set in the upper 
portion of the reaction chamber 700. The first chamber so 
heater 705a is not shown in Fig. 5, but it is well known to 
those skilled in the art from Fig. 4a that the first chamber 
heater 705a consists of a plurality of cartridge-type 
heaters that are regularly and vertically set on the cylin- 
drical sidewall of the reaction chamber 700. Due to the 55 
first and second chamber heaters 705a and 705b, it is 
possible to keep the temperature of the reaction cham- 
ber 700 at an appropriate temperature suitable for per- 
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forming a desired thin film vapor deposition process. 
[0042] Fig. 6 is a plan view, showing the halogen 
lamp heater used for heating the wafers 13 seated on 
the susceptor 1 00. As shown in the drawing, a plurality 
of halogen lamps are concentrically installed under the 
susceptor 100 while commonly affecting the wafer sta- 
tions. In such a case, the halogen lamps are controlled 
independently and are divided into two groups 702a and 
702b and are separately controlled in their tempera- 
tures, thus transferring desired uniform temperature 
heat to ail the wafers seated on the susceptor 1 00. That 
is, it is almost impossible to uniformly heat the entire 
area within the reaction chamber 700 using a single 
group of heaters since the interior of the chamber 700 is 
too large. Therefore, it is necessary to divide the wafers 
into two groups and to uniformly heat the wafers of the 
two groups while separately controlling the tempera- 
tures of the two groups of halogen lamps. 
[0043] Figs. 7a and 7b are a transverse sectional 
view and a longitudinal sectional view of the pumping 
unit, which is included in the thin film deposition appara- 
tus of this invention and is used for discharging the reac- 
tion gases from the reaction chamber to the outside of 
the chamber. As shown in the drawings, a plurality of 
primary pumping holes 601 are formed at the peripheral 
portion within the upper portion of the reaction chamber 
700 and primarily discharge post-process reaction 
gases from the interior of the chamber 700 after the 
reaction gases are used for the vapor deposition proc- 
ess of forming desired thin films on the reaction sur- 
faces of the wafers. In such a case, it is necessary to 
regularly form a plurality of primary pumping holes 601 
at the peripheral portion within the upper portion of the 
reaction chamber 700 so as to uniformly discharge the 
post-process reaction gases from the positions corre- 
sponding to the wafers held on the susceptor 1 00. 
[0044] The primarily discharged reaction gases 
from the primary pumping holes 601 are collected by 
four second pumping holes 602, which are formed at 
positions under the bottom of the reaction chamber 700, 
prior to being secondarily discharged. The secondarily 
discharged reaction gases are, thereafter, collected by 
one main pumping hole 603 due to pumping force of a 
vacuum pump (not shown) installed outside the reaction 
chamber 700 and are finally discharged to the outside of 
the reaction chamber 700. 

[0045] In a brief description, post-process reaction 
gases within the reaction chamber 700 are primarily dis- 
charged from the interior of the chamber 700 through 
the primary pumping holes 601 at a constant speed, 
and are secondarily discharged through the four second 
pumping holes 602, and finally discharged to the out- 
side of the reaction chamber 700 through one main 
pumping hole 603 due to the pumping force of the vac- 
uum pump. The vacuum pumping unit 600 thus main- 
tains the pressure of the reaction gases within the 
reaction chamber 700 at a predetermined pressure, and 
maintains the interior condition of the reaction chamber 
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700 at a low vacuum state expected from the chamber 
700 before the vapor deposition process. 
[0046] In the present invention, it is possible to 
change the numbers of the primary and second pump- 
ing holes 601 and 602 as desired without affecting the 
functioning of this invention. In addition, it is more pref- 
erable to symmetrically install a sufficient amount of 
pumping holes 601 and 602 capable of uniformly and 
effectively discharging such post-process reaction 
gases from the interior of the reaction chamber 700 to 
the outside of the chamber 700. 
[0047] Fig. 8 is a circuit diagram of the gas feeding 
unit 500, which is included in the thin film deposition 
apparatus of this invention and feeds reaction gases to 
the gas ejection unit, thus allowing the gas ejection unit 
to eject the reaction gases into the reaction chamber 
700. As shown in the drawing, the gas feeding unit 500 
comprises first and second gas feeding pipelines indi- 
vidually provided with a gas inlet pipe: a first pipe 51 0 or 
a second pipe 510'. The first pipeline is provided with a 
container for a first liquid reaction gas source 504, while 
the second pipeline is provided with a container for a 
second liquid reaction gas source 504'. An inert gas, 
such as N 2 or Ar, is introduced into the containers of the 
first and second liquid reaction gas sources 504 and 
504' through mass flow controllers 501 and 50V, check 
valves 502 and 502' designed to allow only a unidirec- 
tional flow of gases, and pneumatic valves 503 and 503 1 
controlling the flow of gases. 

[0048] In such a case, the inert gas is introduced 
into the reaction chamber through a carrier pipe 520 in 
addition to first and second gas inlet pipes 510 and 51 0V 
The carrier pipe 520 extends from the integrated inlet of 
both gas inlet pipes 51 0 and 510' to the integrated outlet 
of both gas outlet pipes 511 and 51V. The inert gas, 
introduced into the containers of the first and second liq- 
uid reaction gas sources 504 and 504', forms gas bub- 
bles within the containers, thus allowing the reaction 
gases to flow from the containers into the reaction 
chamber through first and second gas outlet pipes 51 1 
and 51 V. The inert gas, flowing in the carrier pipe 520, 
is mixed with the reaction gases just before the reaction 
gases are introduced into the reaction chamber. 
[0049] Inert gas, flowing in the first gas inlet pipe 
510, is branched from the pipe 510 into a first branch 
pipe 512 before it is introduced into the container of the 
first reaction gas source 504. The first branch pipe 512 
joins the first gas outlet pipe 51 1 , thus selectively feed- 
ing the inert gas into the reaction chamber or discharg- 
ing the inert gas into a pump. In the same manner, inert 
gas, flowing in the second gas inlet pipe 51 0\ is 
branched from the pipe 510' into a second branch pipe 
512' before it is introduced into the container of the sec- 
ond reaction gas source 504'. The second branch pipe 
512' joins the second gas outlet pipe 511', thus selec- 
tively feeding the inert gas into the reaction chamber or 
discharging the inert gas into a pump. In such a case, 
the discharging of inert gas into a pump is performed to 
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control pressures of reaction gases flowing from the 
containers. 

[0050] In the present invention, the gas feeding unit 
500 is automatically controlled in accordance with a pre- 

5 set program to allow the containers of first and second 
liquid reaction gas sources 504 and 504' to alternately 
supply reaction gases into the reaction chamber There- 
fore, when first reaction gas flows in the first gas outlet 
pipe 51 1 during an operation of the gas feeding unit 

10 500, both the second gas inlet pipe 510' and the second 
gas outlet pipe 51 V are so controlled by a plurality of 
valves that they do not allow a flow of both the inert gas 
and the second reaction gas. 

[0051] The object of the first and second branch 
15 pipes 5 1 2 and 5 1 2\ respectively branched from the first 
and second gas inlet pipes 510 and 510', is as follows. 
That is, when one of the first and second gas outlet 
pipes 51 1 and 51 1 * does not allow a flow of reaction gas 
through it, inert gas is allowed to flow in an associated 
20 one of the first and second branch pipes 512 and 512, 
thus purging the interior of an associated one of the first 
and second gas outlet pipes 51 1 and 51 V extending to 
the reaction chamber. 

[0052] Such an automatic selective flowing of the 

25 inert gas or reaction gas in the pipes of the gas feeding 
unit 500 is accomplished by appropriately controlling 
both the check valves 502 and the pneumatic valves 
503. In such a case, both the check valves 502 and the 
pneumatic valves 503 are sequentially controlled in 

30 accordance with a preset program. Such a sequential 
control for both the check valves 502 and the pneumatic 
valves 503 is well known to those skilled in the art and 
further explanation is thus not deemed necessary. 
[0053] As shown in Fig. 8, an orifice 505 is mounted 

35 on each pipe extending to a pump so as to control the 
flow rate of gas within the pipe. Such an orifice 505 thus 
finally keeps desired constant pressure and flow rate of 
reaction gas or of inert gas inflowing into the pump 
through the pipe, in addition, the portion within the rec- 

40 tangle formed by a dotted line is a pipe heating part 530, 
which preheats the inflowing gases for the reaction 
chamber to a temperature of about 150°C. 
[0054] The reaction gases, introduced into the reac- 
tion chamber by the above-mentioned gas feeding unit 

45 500, are uniformly ejected onto the wafers seated on the 
susceptor through the gas ejection unit 701 of Figs. 9a 
and 9b. 

[0055] As described above, the present invention 
provides an apparatus for deposition of thin films on a 

so plurality of wafers within a sealed reaction chamber, 
which automatically performs a desired vapor deposi- 
tion process of forming thin films on the wafers. The 
apparatus also has a means for uniformly ejecting 
gases into the reaction chamber, thus lengthening the 

55 expected life span of the reaction chamber, and is 
designed to alternately feed reaction gases into the 
reaction chamber, thus appropriately controlling the 
quality of thin films formed on the wafers as desired. 



EP 1 069 599 A2 



15 



EP 1 069 599 A2 



16 



The apparatus is provided with a purging function at its 
gas supply unit, and independently controls the temper- 
ature of a wafer heating unit at two parts, thus uniformly 
heating the wafers. In the apparatus, heaters are pro- 
vided at the upper and side portions within the reaction 
chamber, thus optimally controlling the reaction atmos- 
phere within the reaction chamber and allowing the 
reaction chamber to effectively perform the desired 
vapor deposition process of forming the thin films on the 
wafers. 

[0056] Although a preferred embodiment of the 
present invention has been described for illustrative pur- 
poses, those skilled in the art will appreciate that vari- 
ous modifications, additions and substitutions are 
possible, without departing from the scope and spirit of 
the invention as disclosed in the accompanying claims. 

Claims 

1 . An apparatus for deposition of thin films on a plural- 
ity of wafers within a sealed reaction chamber, com- 
prising: 

a susceptor provided within said reaction 
chamber to hold the wafers thereon in a way 
such that reaction surfaces of said wafers are 
exposed to the interior of the reaction chamber 
a gas supply unit adapted for supplying reac- 
tion gases to the reaction surfaces of said 
wafers within the reaction chamber; 
a susceptor drive unit adapted for rotating said 
susceptor at a predetermined rotation angle 
and moving the susceptor between a reacted 
position and an unreacted position; 
a vacuum pumping unit adapted for maintain- 
ing pressure of the reaction gases within the 
reaction chamber at a predetermined pressure; 
and 

a heating unit adapted for heating at least one 
of the reaction surfaces of the wafers and the 
reaction chamber at a constant temperature, 
thus allowing at least one of the reaction sur- 
faces of the wafers and the reaction chamber to 
accomplish a predetermined temperature con- 
dition. 

2. The apparatus according to claim 1 , wherein said 
susceptor comprises: 

a plurality of wafer stations used for individually 
holding one wafer thereon; and 
a wafer seating unit provided in each of said 
wafer stations and moving upwardly and down- 
wardly in a vertical direction relative to the sus- 
ceptor so as to seat a wafer in an associated 
wafer station of the susceptor. 

3. The apparatus according to claim 2, wherein each 
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of said wafer stations of the susceptor is provided 
with an annular step along its circular edge, thus 
stably seating an edge of a wafer while preventing 
an undesirable movement of the wafer in each 
wafer station, with a height of a vertical surface por- 
tion of said annular step being determined to allow 
the reaction surface of the wafer to be not posi- 
tioned lower than a surface of a land of said suscep- 
tor when the wafer is seated in a wafer station. 

The apparatus according to claim 3, wherein said 
annular step has a diameter of smaller than that of 
each wafer by several millimeters. 

The apparatus according to daim 3, wherein the 
number of said wafer stations of the susceptor is 
two or more. 

The apparatus according to claim 2, wherein said 
wafer seating unit comprises: 

a lift plate having a flat upper surface; 
a plurality of moving pins assembled with said 
lift plate and regularly spaced apart from each 
other at predetermined angular intervals, said 
moving pins commonly coming into contact 
with one wafer; and 

a lift plate drive unit mounted to said lift plate so 
as to move the lift plate in a vertical direction: 

The apparatus according to claim 3, wherein said 
gas supply unit comprises: 

a gas ejection unit provided at an upper portion 
within said reaction chamber for ejecting the 
reaction gases onto the wafers within the reac- 
tion chamber; and 

a gas feeding unit used for feeding the reaction 
gases to said gas ejection unit. 

The apparatus according to claim 7, wherein said 
gas feeding unit comprises: 

a first gas feeding pipeline consisting of: 

a first container receiving a first liquid reac- 
tion gas source; 

a first gas inlet pipe introducing inert gas 

into said first container; 

a first gas outlet pipe discharging reaction 

gas formed by an evaporation of the first 

liquid reaction gas source reacted with the 

inert gas introduced into the first container; 

and 

a first branch pipe branched from the first 
gas inlet pipe and joining the first gas outlet 
pipe; and a second gas feeding pipeline 
consisting of: 
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a second container receiving a second liq- 
uid reaction gas source; 
a second gas inlet pipe introducing inert 
gas into said second container; 
a second gas outlet pipe discharging reac- 
tion gas formed by an evaporation of the 
second liquid reaction gas source reacted 
with the inert gas introduced into the sec- 
ond container; and 

a second branch pipe branched from the 
second gas inlet pipe and joining the sec- 
ond gas outlet pipe. 

9. The apparatus according to claim 8, wherein each 
of said first and second gas outlet pipes is branched 
into a pipe extending to the reaction chamber and 
another pipe extending to a pump, with a pipe heat- 
ing part being provided in each of said first and sec- 
ond gas outlet pipes for preheating the pipe, 
extending to the reaction chamber, to a predeter- 
mined temperature. 

10. The apparatus according to claim 8, wherein a plu- 
rality of check valves and pneumatic valves are 
mounted on the first and second pipelines at posi- 
tions between the first gas inlet pipe and the first 
container, between the first gas outlet pipe and the 
reaction chamber, between the second gas inlet 
pipe and the second container, and between the 
second gas outlet pipe and the reaction chamber, 
with a gas pressure controlling orifice being 
mounted at a position between each of the first and 
second gas outlet pipes and an associated pump. 

11. The apparatus according to claim 8, wherein a car- 
rier pipe extends from an integrated inlet of the first 
and second gas inlet pipes to an integrated outlet of 
the first and second gas outlet pipes so as to 
directly feed the reaction gases into the reaction 
chamber. 

12. The apparatus according to claim 8, wherein said 
gas supply unit is controlled to allow the reaction 
gases of the first and second gas outlet pipes to be 
alternately ejected into the reaction chamber. 

13. The apparatus according to claim 12, wherein when 
any one of the first and second gas outlet pipes 
does not allow a flow of reaction gas through it, 
inert gas flows in an associated one of the first and 
second branch pipes, thus purging the interior of an 
associated one of the first and second gas outlet 
pipes extending to the reaction chamber. 

14. The apparatus according to claim 7, wherein a plu- 
rality of gas feeding pipes extend from the gas feed- 
ing unit to the gas ejection unit and feed different 
gases from the gas feeding unit to the gas ejection 



unit 

15. The apparatus according to claim 1, wherein said 
heating unit comprises: 

5 

a wafer heating unit positioned at a position 
under the susceptor within the reaction cham- 
ber and heating the wafers held on the suscep- 
tor at a predetermined constant temperature; 
10 and 

a reaction chamber heating unit positioned at a 
peripheral position within the reaction chamber 
and heating the interior of the reaction cham- 
ber at a predetermined constant temperature. 

15 

16. The apparatus according to claim 15, wherein said 
wafer heating unit comprises a plurality of halogen 
lamp heaters concentrically installed on a surface 
of the susceptor, said halogen lamp heaters being 

20 controlled independently. 

17. The apparatus according to claim 16, wherein an 
inert gas ejection unit is installed at a position 
around the halogen lamp heaters to eject inert gas 

25 to the halogen lamp heaters, thus preventing an 
undesirable surface contamination of the halogen 
lamp heaters. 

18. The apparatus according to claim 15, wherein said 
30 reaction chamber heating unit comprises at least 

one cartridge-type heater installed at any one of the 
upper and side portions within the reaction cham- 
ber to heat the interior of the reaction chamber 

35 19. The apparatus according to claim 1, further com- 
prising: 

a shield installed within the reaction chamber 
while being spaced apart from a ceiling surface 
40 of the reaction chamber, with a gap being 

formed between the shield and the ceiling sur- 
face; and 

an inert gas ejection nozzle provided in the gap 
between the shield and the ceiling surface and 
45 used for ejecting inert gas into said gap so as 

to prevent an undesirable corrosion of the ceil- 
ing surface due to a reaction of the ceiling sur- 
face with the reaction gases. 

so 20. The apparatus according to claim 1 , wherein said 
vacuum pumping unit comprises: 

a primary pumping hole primarily discharging 
the reaction gases from the reaction chamber; 
55 a second pumping hole collecting the reaction 

gases primarily discharged from the primary 
pumping hole and secondarily discharging the 
reaction gases; and 



19 



EP 1 069 599 A2 



a main pumping hole collecting the secondarily 
discharged reaction gases and finally discharg- 
ing the reaction gases to the outside of the 
reaction chamber using pumping force of a 
vacuum pump installed outside the reaction 5 
chamber. 
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(54) Apparatus for deposition of thin films on wafers 

(57) The present invention provides an apparatus 
for deposition of thin films on a plurality of wafers within 
a reaction chamber The apparatus has a reaction 
chamber capable of processing a plurality of wafers 
through an atomic layer epitaxy process at the same 
time. The apparatus also has a susceptor provided with- 
in the reaction chamber to hold the wafers thereon in a 
way such that reaction surfaces of the wafers are ex- 
posed to the interior of the reaction chamber. A gas sup- 
ply unit supplies reaction gases to the reaction surfaces 
of the wafers within the reaction chamber. A susceptor 
drive unit rotates the susceptor at a predetermined ro- 
tation angle and moves the susceptor between a react- 
ed position and an unreacted position. A vacuum pump- 
ing unit maintains pressure of the reaction gases within 
the reaction chamber at a predetermined pressure. A 
heating unit heats at least one of the reaction surfaces 
of the wafers and the reaction chamber at a constant 
temperature, thus allowing at least one of the reaction 
surfaces of the wafers and the reaction chamber to ac- 
complish a predetermined temperature condition. 
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Gas supply unit, mounted on a reaction chamber, comprising: 
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Reaction chamber having: 
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